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INTRODUCTION
Low back pain (LBP) is the second most common cause of
hospital visits (1). With a globally aging population, the inci-
dence of low back and leg pain, especially attributable to degen-
erative causes including lumbar zygapophyseal joint (LZJ) and
sacroiliac joint (SIJ) arthopathies, is rapidly increasing (2). How-
ever, it is often difficult to define the source of pain. Only about
12% of cases with LBP can be given a specific pathoanatom-
ical diagnosis using modern diagnostic techniques (3), and the
remainder of patients are often grouped in vague terms such
as lumbago, low back strain, mechanical low back pain, etc.
Traditionally, the diagnosis of low back pain depends primar-
ily upon the clinical examination and neuroimaging findings
(4-6). These diagnostic methods can provide confirmatory in-
formation on the source of pain if neurological deficits are evi-
dent, so that appropriate treatment can be chosen with good
outcome. However, most patients with LZJ and SIJ arthropa-
thy pain have referred somatic pain, in which neurological sy-
mptoms and signs are not so apparent. Subsequently, it is dif-
ficult to make definite diagnosis in these disease entities (7-9).
Traditional dilemmas in diagnosing spinal disorders were
much resolved by the advent of high-resolution neuroimaging
including magnetic resonance imaging (MRI) and computer-
ized tomography (CT). These imaging modalities are excel-
lent in demonstrating structural abnormalities of the spine and
neighboring structures, thus make it easier to reach a confir-
matory diagnosis in the selected cases of herniated lumbar disc
that are correlated with patients’ neurological symptoms and
signs (6, 10). However, these conventional diagnostic ap-
proaches are currently being challenged, with an evolving
body of evidence demonstrating that asymptomatic volun-
teers have a high incidence rate of disk herniation or extru-
sion (5, 11). Furthermore, CT findings have been proven to
have no value as a diagnostic test for LZJ arthropathy, as well
as for SIJ arthro- pathy (12, 13). Therefore, other new meth-
ods to make decisions in patients with spinal pain, especially
somatic referred pain, are now in higher demand.
In somatic referred pain, clinical histories and physical ex-
aminations present unreliable features. Several criteria have
been proposed to substantiate the diagnosis or to predict pain
relief after nerve blocks, yet they are not sufficient to provide
clinicians with a roadmap for these syndromes. We previously
developed the pain distribution pattern template (PDPT) as
a guide for clinical decision-making in patients with LBP
and leg pain (7, 14). In the present paper, we evaluated the
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Usefulness of Pain Distribution Pattern Assessment in Decision-
Making for the Patients with Lumbar Zygapophyseal and Sacroiliac
Joint Arthropathy
There are currently no initial guides for the diagnosis of somatic referred pain of
lumbar zygapophyseal joint (LZJ) or sacroiliac joint (SIJ). We developed a classifi-
cation system of LZJ and SIJ pain, the ‘‘pain distribution pattern template (PDPT)’’
depending on the pain distribution patterns from a pool of 200 patients whose spinal
pain source was confirmed. We prospectively applied the PDPT to determine its
contribution to clinical decision-making for 419 patients whose pain was presum-
ed to arise from the LZJs (259 patients) or SIJs (160 patients). Forty-nine percent
(128/259) of LZJ and 46% (74/160) of SIJ arthopathies diagnosed by PDPT were
confirmed by nerve blocks. Diagnostic reliabilities were significantly higher in Type
A and C patterns in LZJ and Type C in SIJ arthropathies, 64%, 80%, and 68.4%,
respectively. For both LZJ and SIJ arthropathies, favorable outcome after radiofre-
quency (RF) neurotomies was similar to the rate of positive responses to diagnos-
tic blocks in Type A to Type D, whereas the outcome was unpredictable in those
with undetermined type (Type E). Considering the paucity of currently available
diagnostic methods for LZJ and SIJ arthropathies, PDPT is useful in clinical deci-
sion-making as well as in predicting the treatment outcome. 
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correlation between PDPT and diagnostic nerve blocks in
patients with LZJ or SIJ arthropathies to determine the diag-
nostic accuracy of PDPT and its usefulness as an initial guide
in the management of LBP.
MATERIALS AND METHODS
Development of pain distribution pattern templates
Drawings of pain distribution patterns were collected from
a pool of 200 patients with spinal disorders with confirmed
diagnoses. The spinal disorders included in the study consist-
ed of LZJ pain and SIJ arthropathy. The drawings were ana-
lyzed to harvest the most frequently presented patterns and
the pain distribution patterns of each spinal disorder were clas-
sified.
LZJ pain patterns were classified into five types of pain pat-
terns (Fig. 1): Type A shows the pain distribution in the par-
avertebral area, localized or band-like extension. Type B com-
bines Type A with leg pain in the posterior thigh and calf. Type
C combines Type A with leg pain in the posterior thigh only.
Type D combines Type A with leg pain confined to calf only.
Type E indicates pain that has components of referred pain
similar to above types but also shows mixed pain patterns of
other spinal disorders or is otherwise difficult to fit into the
above types.
SIJ pain patterns were also classified into five types (Fig. 2):
Type A shows pain distribution in the lower back, gluteal re-
gion, and lateral aspect of the thigh; type B is similar to type
A, with the addition of groin pain; type C has pain in the lower
back and posterior aspects of the gluteal region. Type D com-
bines type C and groin pain. Type E indicates pain that has
components of referred pain similar to the above types and
mixed pain patterns of other spinal disorders or is otherwise
difficult to fit into the above types.
Patient population
Between October 2003 and October 2004, a total of 419
patients were confirmed to have LZJ or SIJ arthropathy by com-
parative nerve blocks or radiofrequency (RF) neurotomies in
our institution. Before the procedures, all the patients had pain
lasting more than 3 months and pain intensity greater than
5 on the numerical rating scale (NRS). Thorough clinical and
neurological examinations and simple radiography were per-
formed routinely. MRI and CT examinations were performed
in the selected cases mostly to rule out disk herniations if pa-
tients presented clinical signs or pain patterns of disk herni-
ations. All patients were interviewed by a pain-specialist nurse,
who recorded the pain distribution pattern, nature of pain,
pain-related dynamic factors, and factors influencing life pat-
tern and daily activities. Excluded were patients who present-
ed evidence of lumbosacral radiculopathy with signs of myo-
tomal weakness, sensory disturbances, or loss of reflexes. Even
if signs of radiculopathy were absent, patients were excluded
if they demonstrated midline back pain and/or radicular pain.
Patients who had collagen, vascular, or rheumatologic diseases
were also excluded.
Classification of pain distribution patterns
PDPT was presented to the patients during the course of
interview to indicate their own pain patterns. In addition,
detailed drawings were obtained from all the patients. If pa-
tients were not confident about their pain types, only draw-
Fig. 1. Types of pain distribution patterns in lumbar zygapophyseal joint arthropathy. Type A shows the pain distribution in the paraverte-
bral area localized or band-like extension; type B combines type A and leg pain in the posterior thigh and calf; type C combines type A
and leg pain in the posterior thigh only; type D demonstrates the combination of type A and leg pain confined to calf; type E, not depicted
here, is the undetermined type, which does not belong to the above types.
A B C D
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ings were selected to determine their own pain patterns. These
drawings were presented to three other observers (HIK, DGS,
and DAS), blind to the patients’ detailed history, to harvest
the pain patterns presumed to arise from LZJ and SIJ. Pain
patterns were again classified depending on the location of
joints involved. Further diagnostic procedures were decided
in weekly spinal pain conference. Pain patterns were divided
into type A, B, C, D, or E in the patients presumed to have
LZJ arthropathy and type A, B, C, D, or E in SIJ arthropathy.
Comparative nerve blocks and RF neurotomies 
All the patients underwent diagnostic nerve blocks to con-
firm the presumptive diagnosis based on the pain distribu-
tion patterns. To minimize the false positive rate, diagnostic
blocks were performed more than twice for all patients who
showed a positive response on the first block. All the proce-
dures were performed in the operating room under a C-arm
intensifier. Medial branches of L2, L3, L4, and L5 dorsal ra-
mus were chosen over 2-3 levels depending on the pain pat-
terns in the patients with LZJ arthropathy. Targeted nerves
were blocked with 0.5 cc of either 0.5% bupivacaine or 4%
lidocaine. For sacroiliac joint arthropathy, the intraarticular
joint capsule or deep interosseous ligament (DIOL) was blo-
cked in the same manner. After blocks, patients were instruct-
ed to indicate the change of their usual pain every 30 min for
3 days as complete relief, nearly complete relief, 50% reduc-
tion of pain, slight reduction of pain, or no change. If the pa-
tients’ pain relief persisted, other additional procedures were
not planned. However, if patients continued to have pain, RF
neurotomies were performed for medial branches in LZJ ar-
thropathy and lateral sacral branches in SIJ arthropathy. Sen-
sory stimulation was used to select the ‘‘pathological branch-
es’’ for RF coagulation among the branches that showed the
positive responses to nerve blocks in a group. If the pain res-
ponse by sensory stimulation was the same as that of the usual
pain with lower than 0.6 V amplitude, a cannula was main-
tained for RF coagulation of the branches. Radiofrequency
lesioning was made on the targeted nerve branches at 80℃ for
90 sec. Multiple lesions were produced for every branch; mean-
while, a single lesion was produced for the L5 dorsal ramus.
Evaluation of outcome
Numerical rating scores for pain were checked before and
after each procedure as part of a baseline questionnaire ad-
ministered in all patients. The reliability of the PDPT-based
diagnosis was determined by either of two criteria. Firstly, pa-
tients’ pain was markedly improved by single block and fur-
ther treatment was not required for more than three months,
or secondly, if the patients demonstrated concordant pain relief
better than ‘‘50% of pain reduction’’ on double comparative
blocks. If either of these criteria was fulfilled, the PDPT-based
diagnosis was considered to be correct. Similarly, if patients
had more than 50% pain reduction following RF neurotomies,
the diagnosis in those patients was also considered to be cor-
rect. For analysis of treatment outcomes, patients who showed
more than 50% pain reduction following RF neurotomies or
comparative nerve blocks were included in the favorable out-
come group.
Statistical analysis 
The statistical analysis was performed using SPSS 12.0
(SPSS, Chicago, IL, U.S.A.). Relationships between pain
patterns and multiple data of nerve blocks were analyzed
Fig. 2. Types of pain distribution patterns in sacroiliac joint arthropathy. Type A has pain distribution in the lower back, gluteal region, and
lateral aspect of the thigh; Type B is similar to type A but with the addition of groin pain; Type C has pain in the lower back and posterior
aspects of the gluteal region; Type D combines type C and groin pain; Type E, not depicted here, indicates the undetermined pattern.
A B C D
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using two-way ANOVA. Pain patterns, nerve block data,
and treatment outcome were evaluated using a chi-square
test. All differences were regarded as significant if p<0.05.
A Z-value was calculated to determine the diagnostic relia-
bility and treatment outcome. Z-values higher than 95%
were regarded as significant.
RESULTS
Demographic data
The study population consisted of 103 males and 156
females with LZJ arthropathy, with a mean age of 62.04±
12.01 yr, and 47 males and 113 females with SIJ arthropa-
thy with a mean age of 61.43±11.18 yr. In the patients
with LZJ arthropathy, the mean value of pain severity before
treatment was 6.1 on NRS. This was reduced to 3.4 during
the course of nerve blocks. In SIJ arthropathy, the mean NRS
was 6.4, which was decreased to 3.5 after nerve blocks.
Diagnostic reliability of pain distribution patterns in LZJ
arthropathy
Diagnostic reliability of PDPT-based diagnosis in LZJ ar-
thropathy is summarized in Table 1. Overall, 49% of patients
showed a positive response to nerve blocks. Patients with Type
A and C patterns showed a significantly positive response. The
diagnostic rate was higher in Type C; however, the reliabili-
ty was better in Type A. Type B, D, and E patterns failed to
show significant rates of diagnosis. Single nerve blocks showed
a diagnostic rate of 55.6%, which was increased to 86.4% on
second comparative blocks because patients who showed a false
positive response were excluded by the second block.
Diagnostic reliability of pain distribution patterns in SIJ
arthropathy
Diagnostic reliability of pain distribution patterns in SIJ
arthropathy is summarized in Table 2. Forty-six percent of
patients with SIJ arthropathy could be diagnosed based on pain
distribution patterns. The type C pattern showed a significant
positive response and reliability for PDPT-based diagnosis. Di-
agnostic rates of type A and B were high, yet they were not
statistically significant. Results of single nerve blocks showed
a 54.4% diagnostic rate, which was increased to 78.8% on
second comparative blocks because the patients who showed
the false positive response on first block were dropped out.
However, the validity of diagnostic rate of second block de-
pending on pain patterns was not statistically significant.
Treatment outcomes and pain patterns
Analysis of treatment outcome in LZJ arthropathy showed
no statistical difference between nerve blocks and RF proce-
dures in Type A B, C, or D (Fig. 3A). This result indicated that
patients with favorable outcome in nerve blocks were likely to
have a similar result following RF procedure. However, Type
C showed more favorable response from nerve blocks compared
with that of RF procedure. Patients in Type E showed signif-
icantly better results from the RF procedure, despite lower
rates of favorable outcome in nerve block. In the patients with
SIJ arthropathy, there was no statistical difference between
nerve blocks and RF procedures in Type A, B, or C. Type D
did not have RF cases. Patients with type E showed similar
results as in LZJ arthropathy although they could not demon-
�, Numbers in parenthesis in the column of Z-value indicate the critical
values; �, indicates p<0.05 in the analysis of positive response rate to
diagnostic blocks.
Types of 
pain dis-
tribution 
pattern
Single block
(p=0.000)
Double block
(p=0.249)
Overall diag-
nostic rate 
(p=0.000)
Z-
value*
A 88/128 (68.8%) 56/62 (90.3%) 82/128 (64.0%) T=2.641*
(1.645)
B 15/22 (68.2%) 10/11 (90.9%) 14/22 (63.3%) T=1.023
(1.717)
C 8/10 (80.0%) 5/5 (100%) 8/10 (80%) T=2.380*
(1.812)
D 7/16 (43.8%) 7/9 (77.8%) 7/16 (43.7%) T=-0.50
(-1.74)
E 26/83 (31.3%) 17/23 (73.9%) 17/83 (20.5%) T=-6.704
(-1.66)
144/259 (55.6%)� 95/110 (86.4%) 128/259 (49.4%)�
Table 1. Diagnostic reliability of PDPT-based diagnosis and
positive response rate to diagnostic blocks in lumbar zygapo-
physeal joint arthropathy 
�, Numbers in parenthesis in the column of Z-value indicate the critical
values; �, indicates p<0.05 in the analysis of positive response rate to
diagnostic blocks.
Types of 
pain dis-
tribution 
pattern
Single block Double block
Overall 
diagnostic 
rate
Z-
value*
A 26/38 (68.4%) 13/17 (76.5%) 22/38 (57.8%) T=0.975
(1.68)
B 8/15 (53.3%) 6/7 (85.7%) 7/15 (46.6%) T=-0.263
(1.761)
C 29/38 (76.3) 15/18 (83.3%) 26/38 (68.4%) T=2.453* 
(1.68)
D 4/8 (50.0%) 2/3 (66.7%) 3/8 (37.5%) T=-0.730
(-1.89)
E 20/61 (32.8%) 16/21 (76.2%) 16/61 (26.2%) T=-4.25
(-1.67)
87/160 (54.4%)� 52/66 (78.8%) 74/160 (46.2%)�
Table 2. Diagnostic reliability of PDPT-based diagnosis and
positive response rate to diagnostic blocks in sacroiliac joint
arthropathy 
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strate a statistical significance (Fig. 3B).
DISCUSSION
Pain complaints are not extensively employed in the diag-
nosis of LBP, for subjective complaints can vary depending on
the patients’ pain tolerance (15, 16). However, pain complaints
contain invaluable information to indicate the source of pain
(17, 18). Most patients with degenerative joint arthropathy
lack objective symptoms or signs, which are often presented
in the patients with disk herniations (4, 19). Therefore, it is
logical to make use of pain complaints to find a clue to the
diagnosis of spinal disorders. Typical pain patterns for LBP are
shown in the literature, yet they do not encompass the diver-
sity of the pain distribution patterns for each spinal disease
entity (20-22). Pain patterns often overlap among the variety
of spinal diseases, thus confounding the correlation between
the pain pattern and the presumed diagnosis. The present stu-
dy provides evidence that PDPT can be a quick guide to fol-
low during diagnosis and treatment of somatic referred pain
presenting LBP and leg pain. Our PDPT, developed from the
analysis of drawings from each spinal disease, classifies the di-
verse pain distribution patterns into specific spinal disorders.
Once presented to the patients, they can easily recognize the
patterns that are similar to the pains they are suffering from.
These pain patterns are directly linked to the presumed diag-
nosis; consequently, they can facilitate deciding the ‘next step’
in the course of diagnostic procedures.
Recent investigations have highlighted the importance of
LZJ and SIJ arthropathy, of which the prevalences are around
39% and 15-30%, respectively, among patients with chron-
ic LBP (23, 24). Although the diagnostic rate of PDPT is not
high compared with that of MRI in intervertebral disk dis-
ease, it can provide useful information in decision-making in
patients whose pain is assumed to emanate from the LZJ and
SIJ. In our study, the diagnostic accuracy of PDPT was 49%
for LZJ and 46% for SIJ pain. Considering the diagnostic accu-
racy of MRI in the intervertebral disk disease is 78.3%, the
diagnostic accuracy of PDPT may not be a competitive tool
(5). However, Boos et al. pointed out that explanation of LBP
and sciatica by MRI is questionable even in disk herniations
despite its high diagnostic rate, since pathoanatomical alter-
ations may not be directly related with the source of pain (4,
5). Furthermore, MRI or CT is not helpful to determine pain
source in patients with somatic referred pain arising from the
LZJ and SIJ (12, 25, 26). Considering the paucity of diagnos-
tic maneuvers for somatic referred pain, PDPT is regarded to
be uniquely useful in this situation.
No clear explanation exists for the diversity of pain patterns
in LZJ or SIJ arthropathy. It is interesting to note that thoracic
zygapophyseal joints are intrinsically smaller and hold less
volume than lumbosacral joints. Consequently, more localized
pain patterns are presented closer to the pain source (27). On
the contrary, in the lumbosacral spine, referral can be extend-
ed into the thigh and leg with joint injection (28). Therefore,
referral pain of lumbosacral joints is related to more diffuse
patterns, distant to the origin of pain source. Another consid-
eration is the interpersonal difference of nociceptive density
responsible for transmitting painful response. There are a vari-
ety of intra-articular structures in the lumbar LZJ and SIJs, and
sensory fibers innervating them have a diverse course, produc-
ing different nociceptive density in each individual (29). Cou-
pled with the morphological differences between individuals,
these situations result in diverse pain patterns even if the same
joint is involved (30). PDPT encompasses the diverse pain pat-
terns, which can arise from the LZJ and SIJ not to be misled
or confused by the diversity of pain.
In a clinical setting, pain drawing has traditionally been used
in the evaluation of the patients with LBP in a number of ways,
including correlation with the results of psychological eval-
uation, documentation of symptom location, diagnosis of lum-
bar disk disease, evaluation of changes in pain, and prediction
of treatment outcome (15, 21). Although pain drawing has
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Fig. 3. Treatment effect depending upon the pain distribution patterns in lumbar zygapophyseal joint (A) and sacroiliac joint arthropathy
(B). Favorable outcomes in nerve blocks were correlated with that of RF procedures. However, patients in type E of lumbar zygapophyseal
and sacroiliac joint arthropathies showed better results from the RF procedure, despite lower rates of favorable outcomes in nerve block. 
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advantages in the quantitative evaluation of the severity and
body region of pain, it was not specifically designed for diag-
nosis of various spinal diseases (15, 16). Consequently, inter-
pretation of pain drawings cannot be accurately related to the
diagnosis of spinal disease. On the other hand, PDPT is main-
ly designed to provide disease-specific pain distribution pat-
terns without quantitative scoring or evaluation. Therefore,
the numerical rating score for pain or other measures for psy-
chological factors are additionally required.
We found that PDPT combined with careful measurement
of pain distributional area was useful in assessing treatment
outcome. If patients showed typical pain patterns, they gen-
erally had favorable outcomes to nerve blocks and RF proce-
dures. However, if the pain pattern was ambiguous, there
was no correlation between nerve blocks and RF procedures.
This finding indicates that PDPT-based diagnosis can be
used to predict treatment outcome. In addition, patients
who showed a favorable outcome following treatment usu-
ally showed a reduction of area or loss of a part in pain dis-
tribution. Interestingly, since patients have a tendency to
emphasize the remaining pain, true effects of treatment can
often be masked and regarded as failure. Careful analysis of
the pain distribution patterns can reveal the treatment effects
qualitatively by observing complete or partial reduction of
pain as well as remaining pain. Sometimes different patterns
of pain distribution, which indicate the different sources of
pain, can be mistaken as treatment failure. Therefore, pati-
ents should be followed up not only quantitatively but also
qualitatively to determine the treatment effect in the man-
agement of patients with LBP and leg pain.
One limitation of the present study is that final diagnosis
was not based on 100% pain reduction on comparative blocks
or total loss of pain following RF procedures. More than
50% pain reduction in nerve block may not be sufficient to
be a criterion for final diagnosis. Generally our patients seem-
ed to be more reluctant than expected to give favorable results,
and one hundred percent pain reduction was never expressed.
So we assumed more than 50% of pain reduction in com-
parative blocks were likely to be a relatively solid basis as a
standard of final diagnosis. In addition, comparative nerve
blocks used in this study are very likely to exclude the false
positive response in this setting. 
In conclusion, PDPT is designed to encompass the diver-
sity of pain patterns arising from LZJ and SIJs. PDPT-based
diagnosis can provide a quick and useful guide in clinical deci-
sion-making for the management of somatic referred pain in
lumbosacral disease. Furthermore, it can be used as a tool to
predict the treatment outcome as well as to follow the change
of pain patterns.
REFERENCES
1. Nachemson AL, Wadell G, Norlund AI. Epidemiology of neck and
low back pain. In: Nachemson AL and Jonsson E, editors, Neck and
back pain: the scientific evidence causes, diagnosis, and treatment.
Philadelphia: Lippincott, Williams and Wilkins 2000; 165-88. 
2. Andersson GB. The epidemiology of spinal disorders. In:Frymoyer
JW, editors, The adult spine: principles and practice, Philadelphia:
Lippincott-Raven 1997; 93-141. 
3. Deyo RA, Tsui-Wu YJ. Descriptive epidemiology of low back pain
and its related medical care in the United States. Spine 1987; 12:
264-8. 
4. Bogduk N. Low back pain. In: Bogduk N,editors, Clinical anatomy
of the lumbar spine and sacrum. London: Churchill Livingstone
2002: 187-213. 
5. Boos N, Rieder R, Schade V, Psych D, Spratt KF, Semmer N, Psych
D, Aebi M. The diagnostic accuracy of magnetic resonance imag-
ing, work perception, and psychosocial factors in identifying symp-
tomatic disc herniations. Spine 1995; 20: 2613-25. 
6. Modic MT, Ross JS, Obuchowski NA, Browning KH, Cianflocco
AJ, Mazanec DJ. Contrast-enhanced MR imaging in acute lumbar
radiculopathy: a pilot study of the natural history. Radiology 1995;
195: 429-35. 
7. Kim HI, Shin DG, Shin DA, Lee JO. Pain evaluation for decision
making for management of spinal pain. J Korean Soc Ster Func
Neurosurg 2005; 1: 44-50. 
8. Dreyfuss P, Michaelsen M, Pauza K, Mclarty J, Bogduk N. The value
of medical history and physical examination in diagnosing sacroili-
ac joint pain. Spine 1996; 21: 2594-602. 
9. Slipman CW, Sterenfeld EB, Chou LH, Herzog R, Vresilovic E. The
predictive value of provocative sacroiliac joint stree maneuvers in
the diagnosis of sacroiliac joint syndrome. Arch Phys Med Rehabil
1998; 79: 288-92. 
10. Benneker LM, Heini PF, Anderson SE, Alini M, Ito K. Correlation
of radiographic and MRI parameters to morphological and bioche-
mical assessment of intervertebral disc degeneration. Eur Spine J
2005; 14: 27-35. 
11. Finch P. Technology Insight: imaging of low back pain. Nat Clin
Pract Rheumatol 2006; 2: 554-61. 
12. Schwarzer AC, Wang SC, O’Driscoll D, Harrington T, Bogduk N,
Laurent R. The ability of computed tomography to identify a painful
zygapophysial joint in patient with chronic low back pain. Spine 1995;
20: 907-12. 
13. Yin W, Willard F, Carreiro J, Dreyfuss P. Sensory stimulation-guid-
ed sacroiliac joint radiofrequency neurotomy: technique based on
neuroanatomy of the dorsal sacral plexus. Spine 2003; 28: 2419-25. 
14. Kim HJ, Shin DG, Kim HI, Shin DA. Selective neurotomy of sacral
lateral branches for pain of sacroiliac joint dysfunction. J Korean
Neurosurg Soc 2005; 38: 338-43. 
15. Carnes D, Ashby D, Underwood M. A systematic review of pain
drawing literature: should pain drawings be used for psychologic
screening? Clin J Pain 2006; 22: 449-57. 
16. Pande KC, Tripathi S, Kanoi R. Limited clinical utility of pain draw-
ing in assessing patients with low back pain. J Spinal Disord Tech
2005; 18: 160-2. 
17. Grunnesjo M, Bogefeldt J, Blomberg S, Delaney H, Svardsudd K.
The course of pain drawings during a 10-week treatment period in
1054 J.-H. Jung, H.-I. Kim, D.-A. Shin, et al.
patients with acute and sub-acute low back pain. BMC Musculoskelet
Disord 2006; 7: 65. 
18. Lyle MA, Manes S, McGuinness M, Ziaei S, Iversen MD. Relation-
ship of physical examination findings and self-reported symptom
severity and physical function in patients with degenerative lumbar
conditions. Phys Ther 2005; 85: 120-33. 
19. Slipman CW, Plastaras CT, Palmitier RA, Huston CW. Sterenfeld
EB. Symptom provocation of fluoroscopically guided cervical nerve
root stimulation: are dynatomal maps identical to dermatomal maps?
Spine 1998; 23: 2235-42. 
20. O’Neill CW, Kurgansky ME, Derby R, Ryan DP. Disc stimulation
and patterns of referred pain. Spine 2002; 27: 2776-81. 
21. Reigo T, Tropp H, Timpka T. Pain drawing evaluation--the prob-
lem with the clinically biased surgeon. Intra- and interobserver agree-
ment in 50 cases related to clinical bias. Acta Orthop Scand 1998;
69: 408-11. 
22. Gray DP, Bajwa ZH, Warfield CA. Facet block and neurolysis. In:
Waldman SD, editors, Interventional pain Management, 2nd. Phil-
adephia, London: W.B. Saunders Company, 2001: 446-83. 
23. Schwarzer AC, Aprill CN, Derby R, Fortin J, Kine G, Bogduk N.
The relative contributions of the disc and zygapophyseal joint in
chronic low back pain. Spine 1994; 19: 801-6. 
24. Schwarzer AC, Aprill CN, Bogduk N. The sacroiliac joint in chron-
ic low back pain. Spine 1995; 20: 31-7.
25. Bogduk N, Holmes S. Controlled zygapophysial joint blocks: the
travesty of cost-effectiveness. Pain Med 2000; 1: 24-34. 
26. Cihangiroglu M, Yildirim H, Bozgeyik Z, Senol U, Ozdemir H, Top-
sakal C, Yilmaz S. Observer variability based on the strength of MR
scanners in the assessment of lumbar degenerative disc disease. Eur
J Radiol 2004; 51: 202-8. 
27. Dreyfuss P, Tibiletti C, Dreyer SJ. Thoracic zygapophyseal joint pain
patterns.A study in normal volunteers. Spine 1994; 19: 807-11.
28. McCall IW, Park WM, O’Brien JP. Induced pain referral from pos-
terior lumbar elements in normal subjects. Spine 1979; 441-6.
29. Suseki K, Takahashi Y, Takahashi K, Chiba T, Tanaka K, Morina-
ga T, Nakamura S, Moriya H. Innervation of the lumbar facet
joints: origins and functions. Spine 1997; 22: 477-85. 
30. Bogduk N, Engel R. The menisci of the lumbar zygapophysial joints:
A review of their anatomy and clinical significance. Spine 1984; 9:
454-60. 
